
1 Claims 

2 



3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 



We claim: 



A trench DMOS transistor cell comprising: 
a substrate of semiconductor material of heavily 
dop^d first electrical conductivity type; 

first covering layer of semiconductor material 
of fir^t conductivity type lying on the substrate; 

a s\cond covering layer of semiconductor material 
of second ^electrical conductivity type lying on the 
first covering layer and having a bottom surface; 



a third 
of heavily dop 
top surface and 
layer, where a 
heavily doped 
upward throug 
the top sur 

a tre 
and extendi 
of the third 
second cover 
first covert 
trench lies 
of the seco 



overu 



d f; 



hd, 



layer of semiconductor material 
st conductivity type and having a 
ly lying over the second covering 
i\on of the second covering layer is 
s portion^extends vertically 

the third covering layer to 



a /pormon 
:herei 



snc? 



lg a\ 

Lcall^ 



verinq lab$ 

layers 
layer, wh^Ae 



ottom surface and side surfaces 
downward from the top surface 
through the third and 
rough a portion of the 
e bottom surface of the 
bove a lowest par\ of the bottom surface 
covering layer; 
electrically conducting semiconductor material 
positioned within the trench; 

a layer of oxide positioned within the trench 
between the electrically conducting semiconductor 
material and the bottom and side surfaces of the 
trench; and 

three electrodes electrically coupledy to the 
electrically conducting material, to the tlr^rd covering 
layer and to the substrate, respectively. 

2, A trench DMOS transistor cell comprising: 

a substrate of semiconductor material of heaVily 
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loped first electrical conductivity type having a top 
surface; 

a first covering layer of semiconductor material 
of f\rst conductivity type having a top surface and 
beingNcontiguous to and overlying the substrate top 
surfaced 

a s\cond covering layer of semiconductor material 
of second ^electrical conductivity type having a top 
surface and\being contiguous to the top surface of the 
first covering layer and extending vertically downward 
from the top syrface of the first covering layer into 



JUO 



second covei 



an upper portioh of the 

a third cov 
of heavily doped 
surface and being c 
the top surface of 
portion of the sec 
and this portion 
third covering 
forms an exposed 
adjacent in the 
layer, where thdTB&x-imum dep 
portion of the s epond covfrir^g 
top surface of l:hj 
predetermined nu 
surface of the t 



rern o 
surface 



third co 



iber di , and wher 



irst covering layer; 
r of semiconductor material 
^ductivity type having a top 
s to and partly overlying 
ring layer, where a 
yer is heavily doped 
ically upward through the 
top surface thereof and 
second covering layer 
the third covering 
of the heavily doped 
layer relative to the 
layer is a 
the depth of the top 
on that underlies 
of the\ heavily doped 
s a second 



the 



lbstrate at a posi 



the position of maximum depth 
portion of the second covering layer 
predetermined number d 2 ; 

a trench having side surfaces and bottom surfaces 
and extending vertically downward from th^ top surface 
of the third covering layer throuch the thlsxd covering 
layer, through the second covering layer anoy through a 
portion of, but not all of, the first covering layer, 
the trench bottom surface having a maximum depVh 
relative to the top surface of the third covering layer 
equal to a third predetermined number d3 where d^v < d 1# 
where the trench in horizontal cross section is 
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an 



oximately a polygonal stripe with stripe width 
proximately equal to a fourth predetermined number b, 
where this polygonal stripe laterally surrounds and 
is Spaced apart from the exposed pattern of the second 
covering layer at the top surface of the third covering 
layer; 

a reyer of oxide, positioned within the trench and 
contiguous to the bottom surfaces and side surfaces of 
the trench\so that a portion of, but not all of, the 



illy condl 



ty//of 



trench is f 

electr 
having resisti 
contiguous to tht 
trench so that th 
spaced apart fro: 
of the trench by 

three el 
the electricall 
the trench, to the 
substrate, respective 



led wittT\this oxide layer; 

cting semiconductor material, 
pproximately one ohm-cm, that is 



xide layer and positioned within the 



eldct 



ehe 
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substrate has a dopin 



Ddes 
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ically conducting material is 
de walls and the bottom walls 
de layer; and 

at are electrically coupled to 
conducting semiconductor material in 
ring layer and to the 



irdKcovei 



ling t( 
concent] 



;iaJ 



2, wherein said 
of at least 10 18 cm" 3 



4. A cell according to Claim 2\ wherein said first 
covering layer has a doping concentration in the range of 
10 15 -10 17 cm~ 3 . 

5. A cell according to Claim 2, wherein said 

vertically extending portion of said second ^covering layer 

l ft \- 3 

has a doping concentration of at least 10 AO cmY- > 

6. A cell according to Claim 2, wherein said third 
covering layer has a doping concentration at the ^op surface 
of at least 5xl0 19 cm~ 3 . 

7. A cell according to Claim 2, wherein the shape of 
said polygonal stripe is drawn from the class consisting of 
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Kexagon, a circle and an oval. 

A cell according to Claim 2, wherein said second 
covering layer exposed pattern has the shape of a hexagon. 

9. \A cell according to Claim 2, further comprising a 
second oxide layer contiguous to said electrically 
conducting tkench material within said trench. 

10. A cell according to Claim 1 , further comprising a 
trench-filling semiconductor material that is contiguous to 



said second oxide "layer 
13 substantially fills\tl|( 
14 

11. A cell acco 
difference d-,-d-, bet T 



thin said trench and that 
remainder of said trench. 



ing td Claim 2, wherein the 
Qe\ said ^predetermined numbers di 



d 3 is 0.5ym or great 



12, 



A cell accpi: 



ding 

difference d2~d^ between s 
d^ is 1.25 pm or lea 

13. A cell acc 
oxide layer has a thi 
bottom surfaces of sai 
0.2 ym . 



and 



lira 2, wherein the 
^determined numbers d 2 and 



ding Clalrii 2, wherein said trench 
kness on^aidlside surfaces and said 
trench th^tv^ies in the range 0.1- 



14. A method for providing a trench DMOS transistor 
cell, the method comprising the steps of: 

providing a substrate of semiconductor material of 
heavily doped first electrical conductivity type having 
a top surface; 

providing a first covering layer of semiconductor 
material of first conductivity type having ^ top 
surface and being contiguous to and overlying the 
substrate top surface; 

providing a second covering layer of semiconductor 
material of second electrical conductivity type paving 
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\a top surface and being contiguous to the top surface 
o£ the first covering layer and extending vertically 
downward from the top surface of the first covering 
layer into an upper portion of the first covering 
layer ; 

providing a third covering layer of semiconductor 
materiai\of heavily doped first conductivity type 
having a cx>p surface and being contiguous to and partly 
overlying che top surface of the second covering layer, 
where a portion of the second covering layer is heavily 
doped and thia. portion extends vertically upward 
through the thrrrd covering layer to the top surface 
thereof and forms, an, exposed pattern of the second 
covering layer in\tne/top surface of the third covering 
layer, and where tn\/max^.mum der5th of the heavily doped 

g layer relative to the 
overing layer is a 



hi> 



portion of the seco 
top surface of the 
predetermined num 

providing a tr 
walls and extending 
surface of the thirld cover 



ench h 
verti 



ng side walls and bottom 
ly downward from the top 
layer through the third 
layers an^i through a portion of, 
first covering layer, where the 



and second covering 
but not all of, the 
trench has a maximum depth relative to the top surface 
of the third covering layer equal\to a second 
predetermined number d 2 and d 2 is ress than d x , where 
the trench in horizontal cross section is approximately 
a polygonal stripe, and where this polygonal stripe 
laterally surrounds and is spaced apartVfrom the 
exposed pattern of the second covering layer at the top 
surface of the third covering layer; 

providing a layer of oxide, positioned\within the 
trench and contiguous to the bottom walls and. side 
walls of the trench so that a portions of, but\not all 
of, the trench is filled with this oxide layer; 

providing electrically conducting semiconductor 
material, contiguous to the oxide layer and positioned 
within the trench so that the oxide layer lies between 
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the\electrically conducting semiconductor material and 
the bottom and side walls of the trench; and 

providing three electrodes that are electrically 
coupled co the electrically conducting semiconductor 
material irk the trench, to the second covering layer 
and to the substrate/respectively. 



15. The method 
comprising the step of^^ovid 



corners of oxidized mat 
said side surfaces of sa/id 
surfaces of said trenci 
covering layer and whe 
meet with one another. 



ihei 



rding to Claim 14, further 

aid trench with rounded 
re said bottom surfaces and 
ch meet and where said side 
meet\s,a\id top surface of said third 
de surfaces of said trench 



said 



16. The method according to Cl^aim 14 , wherein said 
steps of providing said Vhird cover in\ layer and providing 
said trench include the step of choosinb the difference 
d 1 -d 2 of said first and second predetermined numbers d± and 
d 2 as 0.5 ym or greater. 
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